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PLeft Ventricular Deformation
Effects of Cardiac Resynchronization
Therapy on Left Ventricular Twist
Matteo Bertini, MD,*† Nina Ajmone Marsan, MD,* Victoria Delgado, MD,*
Rutger J. van Bommel, MD,* Gaetano Nucifora, MD,* C. Jan Willem Borleffs, MD,*
Giuseppe Boriani, MD, PHD,† Mauro Biffi, MD,† Eduard R. Holman, MD, PHD,*
Ernst E. van der Wall, MD, PHD,*‡ Martin J. Schalij, MD, PHD,* Jeroen J. Bax, MD, PHD*
Leiden and Utrecht, the Netherlands; and Bologna, Italy
Objectives This study explored the effects of cardiac resynchronization therapy (CRT) on left ventricular (LV) twist, particu-
larly in relation to LV lead position.
Background LV twist is emerging as a comprehensive index of LV function.
Methods Eighty heart failure patients were included. Two-dimensional echocardiography was performed at baseline, im-
mediately after CRT, and at 6-month follow-up. Speckle-tracking analysis was applied to assess LV twist. The LV
lead was placed preferably in a (postero)lateral vein, and at fluoroscopy, the position was classified as basal,
midventricular, or apical. Response to CRT was defined as reduction of LV end-systolic volume 15% at 6-month
follow-up. A control group comprised 30 normal subjects.
Results Peak LV twist in heart failure patients was 4.8  2.6° compared with 15.0  3.6° in the control subjects (p 
0.001). At 6-month follow-up, peak LV twist significantly improved only in responders (56%), from 4.3  2.4° to
8.5  3.2° (p  0.001). The strongest predictor of response to CRT was the improvement of peak LV twist im-
mediately after CRT (odds ratio: 1.899, 95% confidence interval: 1.334 to 2.703, p  0.001). Furthermore, LV
twist significantly improved in patients with an apical (from 4.3  3.1° to 8.6  3.0°, p  0.001) and midven-
tricular (from 4.8  2.2° to 6.4  3.9°, p  0.038) but not with a basal (5.0  3.3° vs. 4.1  3.2°, p  0.28)
LV lead position. Similarly, LV ejection fraction significantly increased in patients with an apical (from 26  7%
to 37  7%, p  0.001) and midventricular (from 26  6% to 33  8%, p  0.001) but not with a basal (26 
5% vs. 28  8%, p  0.30) LV lead position.
Conclusions An immediate improvement of LV twist after CRT predicts LV reverse remodeling at 6-month follow-up. (J Am
Coll Cardiol 2009;54:1317–25) © 2009 by the American College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2009.05.063a
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ihe human heart has a specific helical arrangement of the
yofibers with a right-hand orientation from the base
oward the apex in the endocardial layers and a left-hand
rientation in the epicardial layers. This spiral architecture
f the myofibers leads to a left ventricular (LV) systolic
ringing motion as a result of an opposite rotation of LV
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009, accepted May 4, 2009.pex and base (1,2). The gradient between apex and base in
he rotation angle along LV longitudinal axis is called twist
nd contributes significantly to LV systolic function, in
ddition to myocardial shortening and thickening (3–5).
In heart failure (HF) patients, LV twist is significantly
educed (6). Cardiac resynchronization therapy (CRT) is
onsidered a major therapeutic breakthrough for HF pa-
ients, and recent large randomized trials have shown that
RT has beneficial effects on HF symptoms, LV systolic
unction, and survival (7,8). At present, minimal data are
vailable about the effect of CRT on LV twist (9,10).
In the current study, the effect of CRT on LV twist was
ssessed using speckle-tracking echocardiography. Further-
ore, the relationship between the change in LV twist and
V reverse remodeling at 6-month follow-up was investi-
ated. Finally, the influence of the LV lead position on the
mprovement in LV twist and response to CRT was
xplored.
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Effects of CRT on LV Twist September 29, 2009:1317–25Methods
Study population and protocol. A
total of 87 consecutive HF pa-
tients scheduled for CRT were
prospectively included. Accord-
ing to current guidelines, the in-
clusion criteria were New York
Heart Association (NYHA) func-
tional class III to IV, sinus rhythm,
left ventricular ejection fraction
(LVEF) 35%, and QRS dura-
tion 120 ms (11). Etiology of
HF was considered ischemic in the
presence of significant coronary ar-
tery disease (50% stenosis in 1
major epicardial coronary artery)
on coronary angiography and/or
history of myocardial infarction or revascularization.
The clinical evaluation consisted of: 1) assessment of
linical status: NYHA functional class, quality of life (using
he Minnesota Living With Heart Failure questionnaire)
12), and 6-min walk distance (13) at baseline and 6-month
ollow-up; and 2) assessment of LV volumes, function,
yssynchrony, and twist, using standard echocardiography
nd speckle-tracking analysis at baseline, within 48 h
immediately after CRT) and at 6-month follow-up.
In addition, 30 subjects without evidence of structural
eart disease, frequency matched for age, sex, and body
urface area, were included as a normal control group,
elected from an echocardiographic database. These subjects
ere referred for the echocardiographic evaluation because
f atypical chest pain, palpitations, or syncope without
urmur.
tandard echocardiography. All patients were imaged in
he left lateral decubitus position using a commercially
vailable system (Vingmed Vivid 7, General Electric-
ingmed, Milwaukee, Wisconsin). Standard 2-dimensional
mages were obtained using a 3.5-MHz transducer and
igitally stored in cine-loop format; the analysis was per-
ormed offline using EchoPAC version 6.0.1 (General
lectric-Vingmed).
From the standard apical views (4- and 2-chamber), LV
olumes and LVEF were calculated according to the American
ociety of Echocardiography guidelines (14). At 6-month
ollow-up, patients were classified as echocardiographic re-
ponders based on a reduction 15% of left ventricular
nd-systolic volume (LVESV) (15).
Segmental wall motion was assessed according to the
merican Society of Echocardiography in order to evaluate
he presence of scarred segments within ischemic HF
atients (14). Akinetic and diskinetic segments (wall motion
core 3 and 4) were classified as scarred segments (16).
peckle-tracking analysis. The speckle-tracking software
Abbreviations
and Acronyms
ANOVA  analysis of
variance
CRT  cardiac
resynchronization therapy
HF  heart failure
LV  left ventricle/
ventricular
LVEDV  left ventricular
end-diastolic volume
LVEF  left ventricular
ejection fraction
LVESV  left ventricular
end-systolic volume
NYHA  New York Heart
Associationracks frame-to-frame the movement of natural myocardial lcoustic markers, or speckles, on standard gray-scale images.
peckles are randomly distributed and each region of the
yocardium has a distinguishing pattern, a fingerprint.
urthermore, speckle-tracking analysis is angle independent
nd allows the evaluation of myocardial contraction/relaxation
long the circumferential, longitudinal, and radial direction
17,18).
In the current study, speckle-tracking analysis was ap-
lied to evaluate LV dyssynchrony (based on radial strain
nalysis) and LV twist. Parasternal short-axis images were
cquired at 3 distinct levels: 1) basal level, identified by the
itral valve; 2) papillary muscle level; and 3) apical level (the
mallest cavity achievable distally to the papillary muscles,
oving the probe down and slightly laterally, if needed).
rame rate ranged from 45 to 100 frame/s, and 3 cardiac
ycles for each parasternal short-axis level were stored in
ine-loop format for the offline analysis (EchoPAC, Gen-
ral Electric-Vingmed). The endocardial border was traced
t an end-systolic frame, and the region of interest was
hosen to fit the whole myocardium. The software allows
he operator to check and validate the tracking quality and
o adjust the endocardial border or modify the width of the
egion of interest, if needed. Furthermore, each short-axis
mage was automatically divided into 6 standard segments:
eptal, anteroseptal, anterior, lateral, posterior, and inferior.
ortic valve opening and closure were identified on pulsed-
ave Doppler tracings obtained from the LV outflow tract.
V DYSSYNCHRONY ANALYSIS. LV dyssynchrony was de-
ived from the radial strain curves obtained from the
apillary muscle short-axis view. As previously described,
V dyssynchrony was defined as the time difference of peak
adial strain between the anteroseptal and posterior seg-
ents (19).
V TWIST ANALYSIS. The speckle-tracking software calcu-
ates LV rotation from the apical and basal short-axis
mages as the average angular displacement of the 6 stan-
ard segments referring to the ventricular centroid, frame by
rame. Counterclockwise rotation was marked as positive
alue and clockwise rotation as negative value when viewed
rom the LV apex. LV twist was defined as the net
ifference (in degrees) of apical and basal rotation at
sochronal time points. For the calculation of LV twist,
veraged apical and basal rotation data were exported to a
preadsheet program (Excel 2003, Microsoft Corp., Red-
ond, Washington) (Fig. 1) (20,21). The following mea-
urements were derived: peak apical and basal rotation and
eak LV twist.
eproducibility. Reproducibility of left ventricular end-
iastolic volume (LVEDV), LVESV, LVEF, and peak LV
wist was assessed on 20 randomly selected HF patients.
land-Altman analysis was performed to evaluate the in-
raobserver and interobserver agreement repeating the anal-
sis a few days later by the same observer and by a second
ndependent observer. The results were expressed as abso-
ute mean difference  2 SDs.
1319JACC Vol. 54, No. 14, 2009 Bertini et al.
September 29, 2009:1317–25 Effects of CRT on LV TwistFigure 1 Assessment of LV Twist
Examples of left ventricular (LV) twist in a normal control patient (A) and in a heart failure patient (B). The top 2 panels in A and B represent apical and basal rotations
and the bottom panels represent LV twist calculation after exporting the data to a spreadsheet program (Excel 2003, Microsoft Corp., Redmond, Washington). AVC 
aortic valve closure; AVO  aortic valve opening.
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Effects of CRT on LV Twist September 29, 2009:1317–25The intraobserver agreement for LVEDV, LVESV,
VEF, and peak LV twist were 7.4  11.2 ml, 7.0  10.1
l, 1.9  4.4%, and 0.2  0.3°, respectively. The interob-
erver agreement for LVEDV, LVESV, LVEF, and peak
V twist were 12.9 14.7 ml, 11.3 13.9 ml, 2.5 4.9%,
nd 0.7  0.8°, respectively.
RT implantation. All patients received a biventricular
acemaker with cardioverter-defibrillator function (Contak
enewal 4RF, Boston Scientific, St. Paul, Minnesota; or
nSync Sentry, Medtronic Inc., Minneapolis, Minnesota;
umax 340 HF-T, Biotronik, Berlin, Germany). The right
trial and ventricular leads were positioned conventionally.
ll LV leads were implanted transvenously, and positioned
referably in a (postero)lateral vein. A coronary sinus
enogram was obtained using a balloon catheter, followed
y the insertion of the LV pacing lead. An 8-F guiding
atheter was used to place the LV lead (Easytrak, Boston
cientific, or Attain-SD, Medtronic, or Corox OTW
iotronik) in the coronary sinus.
V lead position. Target veins were lateral or postero-
ateral veins. The LV lead position was determined using
iplane fluoroscopy classification (22). In the right anterior
blique view and/or in the postero-anterior view, the dis-
ance between the coronary sinus/mitral plane and the
ardiac apex was divided in 3 parts and the LV lead position
as classified in 3 groups: basal, midventricular, and apical.
tatistical analysis. All continuous variables had a normal
istribution (as evaluated with Kolmogorov-Smirnov tests).
ummary statistics for these data are therefore presented as
ean  SD. Categorical data are presented as numbers and
ercentages. The paired t test was used for the comparison
etween continuous variables at baseline and immediately
fter CRT and between baseline and at 6-month follow-up.
he unpaired t test was performed to compare continuous
ariables between normal control subjects and HF patients
nd between CRT responders and nonresponders. Chi-
quare/Fisher exact tests were computed to test for differ-
nces in categorical variables. Linear regression analysis was
erformed to determine the relations between LV twist,
VEF, and LV dyssynchrony. In order to identify indepen-
ent determinants of LV twist, a multivariable linear regres-
ion analysis using the enter model was performed including
s covariates LVEF and LV dyssynchrony. Linear regres-
ion analysis was used to assess the relation between the 
difference between immediately after CRT and baseline)
eak LV twist and LVEF. The differences in peak LV
wist during follow-up in responders and nonresponders
ere assessed using analysis of variance (ANOVA) for
epeated measurements. In order to identify variables related
o a positive response to CRT, univariable and multivariable
ogistic regression analyses were performed including clini-
al (age, sex, etiology, QRS duration at baseline, and
-min walk distance at baseline) and echocardiographic
LVESV at baseline, LVESV, LV dyssynchrony at base-
ine, LV dyssynchrony, peak LV twist at baseline,  peak
V twist) characteristics of the patients. Only significant
e
Wp  0.05) univariable predictors were entered as covariates
n the multivariable logistic regression analysis, which was
erformed using the entire model. Odds ratio and 95%
onfidence intervals were calculated. Model discrimination was
ssessed using c-statistic, and model calibration was assessed
sing Hosmer-Lemeshow statistic. The differences in peak LV
wist and LVEF between the groups of patients with different
V lead position were assessed by 1-way ANOVA. All
tatistical tests were 2-sided, and a p value 0.05 was consid-
red significant. The statistical software program SPSS version
4.0 (SPSS Inc., Chicago, Illinois) was used for statistical
nalysis.
esults
tudy population. Reliable speckle-tracking for rotation
nalysis was obtained in all normal control subjects and in
0 (92%) HF patients. Consequently, 7 (8%) patients were
xcluded from the study. Of the 80 HF patients enrolled, 9
id not complete the 6-month follow-up; 3 patients died of
orsening HF, 1 had LV pacing switched off due to
ntolerable phrenic stimulation, 1 had CRT device explan-
ation secondary to infection, and 4 were lost to follow-up.
herefore, data at baseline and immediately after CRT were
ollected for 80 patients and data at 6-month follow-up
ere collected for 71 patients. Baseline characteristics of
ormal control subjects and the HF patients are listed in
able 1.
aseline Characteristics oformal Control Subject and HF PatientsTable 1 B selin Characteristics ofNormal Control Subjects and HF Patients
Normal Control
Subjects
(n  30)
HF Patients
(n  80) p Value
Age (yrs) 61 11 64 11 0.091
Sex (male/female) 22/8 61/19 0.46
NYHA functional class — 3.0 0.4 —
QoL — 34 20 —
6-min walk distance (m) — 321 109 —
QRS duration (ms) 91 9 148 30 0.001
Etiology, n (%)
Ischemic — 45 (56) —
Nonischemic — 35 (44) —
Medication, n (%)
ACE inhibitors — 74 (92) —
Beta-blockers — 69 (86) —
Diuretics and/or
spironolactone
— 67 (84) —
LVEDV (ml) 86 26 196 74 0.001
LVESV (ml) 34 11 146 60 0.001
LVEF (%) 62 7 26 6 0.001
LV dyssynchrony (ms) 14 9 146 81 0.001
Peak apical rotation (°) 9.4 3.2 2.4 1.8 0.001
Peak basal rotation (°) 6.1 2.4 3.3 2.0 0.001
Peak LV twist (°) 15.0 3.6 4.8 2.6 0.001
CE  angiotensin-converting enzyme; HF  heart failure; LV  left ventricular; LVEDV  left
entricular end-diastolic volume; LVEF  left ventricular ejection fraction; LVESV  left ventricular
nd-systolic volume; NYHA  New York Heart Association; QoL  score on the Minnesota Living
ith Heart Failure Questionnaire.
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September 29, 2009:1317–25 Effects of CRT on LV TwistV twist baseline. As shown in Table 1, peak apical
otation, peak basal rotation, and peak LV twist were
everely reduced in HF patients compared with normal
ontrol subjects: 2.4  1.8° versus 9.4  3.2° (p  0.001),
3.3 2.0° versus6.1 2.4° (p 0.001), and 4.8 2.6°
ersus 15.0  3.6° (p  0.001), respectively.
A significant relation (r  0.53, p  0.001) was observed
etween peak LV twist and LVEF in HF patients. This
elation was stronger in nonischemic (r  0.60, p  0.001)
han in ischemic HF patients (r 0.34, p 0.020) (Fig. 2A).
oreover, a modest relation (r  0.33, p  0.003) was
bserved between peak LV twist and LV dyssynchrony in HF
atients. At multivariable linear regression analysis, LVEF
beta  0.47, p  0.001) and LV dyssynchrony (beta 
0.21, p  0.032) were independent determinants of LV
wist.
V twist after CRT. IMMEDIATELY AFTER CRT. Immedi-
tely after CRT, peak LV twist increased from 4.8 2.6° to
.9  3.2° (p  0.007). In particular,  peak LV twist was
trongly related to LVEF (r  0.83, p  0 .001), and this
elation was good in both nonischemic (r  0.85, p 
.001) and ischemic HF patients (r 0.82, p 0.001) (Fig.
Figure 2 LV Twist and LV Systolic Function
(A) Correlation between baseline peak left ventricular (LV) twist and left ventric-
ular ejection fraction (LVEF) in heart failure (HF) patients (ischemic: open
circles, and nonischemic: solid circles). (B) Correlation between  peak LV
twist and LVEF immediately after cardiac resynchronization therapy in HF
patients (ischemic: open circles, and nonischemic: solid circles).B). Furthermore, the relations between  peak LV twist
*nd LV dyssynchrony (r  0.57, p  0.001) and
etween LV dyssynchrony and LVEF (r  0.63, p 
.001) were good but less strong than the previous relation
etween  peak LV twist and LVEF.
IX-MONTH FOLLOW-UP. At 6-month follow-up, 40 of 71
56%) patients were classified as echocardiographic re-
ponders to CRT (defined as a decrease in LVESV 15%).
o significant differences in the baseline clinical character-
stics were found between responders and nonresponders
Table 2). At 6-month follow-up, significant improvement in
YHA functional class (from 3.0  0.5 to 2.0  0.7, p 
.001), quality of life (from 35  23 to 20  20, p  0.001),
nd 6-min walk distance (from 306 106 m to 363 109 m,
 0.001) were observed in CRT responders only (Table 2).
Baseline echocardiographic characteristics were also sim-
lar between the 2 groups, except for LV dyssynchrony
Table 3), which was larger in responders compared with
onresponders (182  71 ms vs. 116  83 ms, p  0.003).
trend toward lower values of peak LV twist were noted in
esponders as compared with nonresponders (4.3  2.4° vs.
.4  2.9°, p  0.072). At 6-month follow-up, LV
yssynchrony improved in CRT responders (from 182 71
s to 60  45 ms, p  0.001), whereas in nonresponders
V dyssynchrony did not change (116  83 ms vs. 136 
9 ms, p  0.30) (Table 3). Importantly, within ischemic
F patients, CRT responders presented a significantly
ower number of scarred segments at 2-dimensional echo-
ardiography as compared with nonresponders (2.7  0.9
s. 4.2  2.2, p  0.016).
linical Characteristics of Responders Versuso responders at Baseline and 6-Month Follow-UpTable 2 Clinical Charact ristics of R sp nders VersusNonresponders at Baseline and 6-Month Follow-Up
Responders
(n  40)
Nonresponders
(n  31) p Value
Age (yrs) 66 10 66 11 0.88
Sex (male/female) 32/8 20/11 0.18
Medication, n (%)
ACE inhibitors 37 (92) 29 (93) 0.77
Beta-blockers 35 (87) 27 (86) 0.82
Diuretics and/or
spironolactone
34 (84) 26 (84) 0.82
Etiology, n (%)
Ischemic 20 (50) 18 (58)
Nonischemic 20 (50) 13 (42) 0.63
QRS duration (ms) 149 32 149 30 0.97
NYHA functional class
Baseline 3.0 0.5 3.0 0.5 0.92
6-month follow-up 2.0 0.7* 2.7 0.6† 0.001
QoL
Baseline 35 23 32 15 0.51
6-month follow-up 20 20* 29 19 0.065
6-min walk distance (m)
Baseline 306 106 330 107 0.34
6-month follow-up 363 109* 327 110 0.17p  0.001 baseline versus 6-month follow-up; †p  0.05 baseline versus 6-month follow-up.
Abbreviations as in Table 1.
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Effects of CRT on LV Twist September 29, 2009:1317–25Concerning the rotational parameters, in responders peak
V twist progressively improved during follow-up
ANOVA p  0.001), whereas in nonresponders a progres-
ive deterioration of peak LV twist was noted (ANOVA
 0.001) (Fig. 3). Particularly, both apical and basal
otation significantly improved in responders (from 2.3 
.7° to 5.0 3.0°, p 0.001 and from3.2 2.2° to4.3
1.9°, p  0.006), whereas only basal rotation significantly
eteriorated in nonresponders (from 3.5  1.7 to 2.1 
.2, p  0.001) (Table 3).
rediction of LV reverse remodeling. At univariable lo-
istic regression, LV dyssynchrony at baseline, LV dys-
ynchrony, LVESV, and  peak LV twist were signifi-
antly related to LV reverse remodeling at 6-month
ollow-up (Table 4). At multivariable logistic regression
nalysis,  peak LV twist was the strongest predictor of
esponse to CRT at 6-month follow-up (odds ratio:
.899, 95% confidence interval: 1.334 to 2.703, p 
.001) (Table 4).
V twist in relation to LV lead position. Considering the
1 patients with 6-month follow-up, 68 patients had the
V lead placed in a (postero)lateral vein and 3 in an anterior
ein. The 3 patients with the LV lead positioned in an
nterior vein were nonresponders at 6-month follow-up. Of
he remaining 68 patients, the LV lead position was
lassified (from the right anterior oblique/postero-anterior
iew on fluoroscopy) as basal in 17 (25%), midventricular in
4 (50%), and apical in 17 (25%) patients. At baseline, peak
V twist was not significantly different between patients
tandard Echocardiographic Variables andotational Parameters in Responders Versusnresponders t Baseline and 6-Month Follow-Up
Table 3
St ndard Echo ar iographic Variables and
Rotational Parameters in Responders Versus
Nonresponders at Baseline and 6-Month Follow-Up
Responders
(n  40)
Nonresponders
(n  31)
p Value
(Responders vs.
Nonresponders)
LVESV (ml)
Baseline 144 58 153 67 0.56
6-month follow-up 110 43* 164 72† 0.001
LVEF (%)
Baseline 26 6 26 6 0.91
6-month follow-up 37 7* 26 6 0.001
LV dyssynchrony (ms)
Baseline 182 71 116 83 0.003
6-month follow-up 60 45* 136 89 0.001
Peak apical rotation (°)
Baseline 2.3 1.7 2.8 2.1 0.32
6-month follow-up 5.0 3.0* 2.1 2.3 0.001
Peak basal rotation (°)
Baseline 3.2 2.2 3.5 1.7 0.51
6-month follow-up 4.3 1.9‡ 2.1 2.2‡ 0.001
Peak LV twist (°)
Baseline 4.3 2.4 5.4 2.9 0.072
6-month follow-up 8.5 3.2* 3.3 2.2* 0.001
p  0.001 baseline versus 6-month follow-up; †p  0.05 baseline versus 6-month follow-up;
p  0.01 baseline versus 6-month follow-up.
Abbreviations as in Table 1.ith apical, midventricular, and basal LV lead positionANOVA p 0.68). However, at 6-month follow-up, peak
V twist showed a significant improvement in patients with
pical (from 4.3  3.1° to 8.6  3.0°, p  0.001) and
idventricular (from 4.8  2.2° to 6.4  3.9°,
 0.038) LV lead position, whereas in patients with a
asal LV lead position, peak LV twist did not change
ignificantly (5.0  3.3° vs. 4.1  3.2°, p  0.28) (Fig. 4A).
imilarly, LVEF increased significantly in patients with an
pical (from 26  7% to 37  7%, p  0.001) and
idventricular (from 26 6% to 33 8%, p 0.001) but not
ith a basal (26 5% vs. 28 8%, p 0.30) LV lead position
Fig. 4B).
Figure 5 shows an example of a responder with the LV
ead placed in an apical position of a postero-lateral vein and
ignificant improvement in peak LV twist and LVEF after
RT (both immediately after CRT implantation and at
-month follow-up).
iscussion
he current study evaluated the effects of CRT on LV twist
nd provides new insights on the relationship between LV
otational mechanics, CRT response, and LV lead position.
he main findings can be summarized as follows: 1) LV
wist was significantly reduced in HF patients; 2) LV twist
mproved in responders and worsened in nonresponders to
RT; 3) the strongest predictor of LV reverse remodeling at
-month follow-up was  peak LV twist (immediate
hange in LV twist after CRT); and 4) an LV lead placed in
(postero-)lateral vein with apical or midventricular posi-
ion was associated with the greatest improvement of LV
wist after CRT and with the highest response rate to CRT.
Figure 3 LV Twist in Responders and Nonresponders
Peak left ventricular (LV) twist in responders and nonresponders at baseline,
immediately after cardiac resynchronization therapy (CRT), and at 6-month fol-
low-up. ANOVA  analysis of variance.
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September 29, 2009:1317–25 Effects of CRT on LV Twistelationship between LV twist and LV function. Several
echniques have been applied for the assessment and quan-
ification of LV twist. For this purpose, tagged cardiac
agnetic resonance imaging and sonomicrometry are con-
idered the gold standard, but the most recent speckle-
racking echocardiographic technique, used in the present
tudy, demonstrated a good agreement with these imaging
odalities (20,21). Previous studies, using both tagged
ardiac magnetic resonance imaging and speckle-tracking
nalysis, suggested an important relation between LV twist
nd LVEF (4,9). Similarly, in the current study, the relation
etween LV twist and LV systolic function was good (r 
.53, p  0 .001), illustrating the potential role of LV twist
s a comprehensive index of LV systolic function. Further-
ore, the results of the present study highlight that the relation
etween LV systolic function and LV twist was stronger in
onischemic patients as compared with ischemic patients. A
ossible reason may be the presence of regional myocardial
amage in ischemic patients, involving specifically the apex or
he base with a different effect on LV twist (23).
Finally, LV twist was modestly related to LV dyssyn-
hrony (r  0.33, p  0 .001), but at multivariable linear
egression analysis, LV dyssynchrony was still independently
elated to LV twist. This finding points out that LV twist not
nly is a sensitive and thorough parameter of LV function, but
lso it may reflect the extent of LV (dys)synchrony.
elationship between LV twist and CRT response. The
ffects of CRT on torsional mechanics were different in
esponders and nonresponders. A trend toward more re-
uced LV twist at baseline in responders as compared with
onresponders was observed. In the present study, a signif-
cant improvement of LV twist was observed in CRT
esponders and a significant worsening in nonresponders. In
ontrast, a previous study by Zhang et al. (10) did not show
T*
sponse to CRT*
le Analysis Multivariable Analysis
p Value OR (95% CI) p Value
050) 0.90
404) 0.15
858) 0.50
016) 0.97
002) 0.34
005) 0.56
984) 0.005 0.998 (0.950–1.049) 0.94
021) 0.002 1.011 (1.001–1.022) 0.037
998) 0.010 1.007 (0.996–1.017) 0.21
019) 0.078
449) 0.001 1.899 (1.334–2.703) 0.001
dds ratio; other abbreviations as in Table 1.Figure 4 LV Twist and LVEF in Relation to LV Lead Position
(A) Peak LV twist at baseline and 6-month follow-up in patients with basal, mid-
ventricular, and apical LV lead position. Significant improvement was observed in
patients with an apical or midventricular LV lead position but not in patients with
basal LV lead position. (B) LVEF at baseline and 6-month follow-up in patients with
basal, midventricular, and apical LV lead position. Significant improvement was
observed in patients with an apical or midventricular LV lead position but not in
patients with basal LV lead position. Abbreviations as in Figure 2.Univariable and Multivariable LogisticRegression A alysis for Prediction of Response to CRTable 4 Univariable and Multivariable LogisticRegression Analysis for Prediction of Re
Univariab
OR (95% CI)
Dependent variable
Response to CRT at 6-month follow-up
Independent variables
Age 1.003 (0.958–1.
Female sex 2.198 (0.756–6.
Ischemic etiology 0.722 (0.281–1.
QRS width at baseline 1.000 (0.985–1.
6-min walking test at baseline 0.998 (0.993–1.
LVESV at baseline 0.998 (0.990–1.
LVESV immediately after CRT 0.949 (0.915–0.
LV dyssynchrony at baseline 1.013 (1.005–1.
LV dyssynchrony immediately after CRT 0.992 (0.986–0.
Peak LV twist at baseline 0.844 (0.698–1.
 peak LV twist immediately after CRT 1.837 (1.378–2.ny significant increase of LV twist in responders to CRT.
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Effects of CRT on LV Twist September 29, 2009:1317–25he different results may be related to sample size and
opulation characteristics.
In the multivariable model, baseline LV dyssynchrony
nd an immediate improvement in LV twist after CRT
ere the only predictors of LV reverse remodeling at
-month follow-up. The predictive value of LV dyssyn-
hrony has been shown already in previous studies (19,24).
he novelty of the present study is that CRT may (partially)
estore LV twist, possibly by providing a more physiological
lectrical depolarization and mechanical contraction of the
yofibers. Specifically, CRT partially restored LV torsional
ehavior in responders, by not only improving apical rota-
ion but also basal rotation. In nonresponders, the deterio-
ation of LV twist was mainly due to worsening of the basal
otation underscoring the influence of the basal level on LV
wist (25).
elationship between LV twist and LV lead position. Previ-
us studies showed that HF patients treated with CRT
howed the best hemodynamic improvement when the LV
acing lead was positioned in (postero)lateral veins (26). In
he current study, 3 patients had the LV lead placed in an
nterior vein, and none of them responded to CRT. The
emaining 68 patients had the LV lead positioned in the
postero)lateral vein. In these patients, the optimal position
Figure 5 Example of a CRT Responder With LV Lead in an Apic
(A) Peak LV twist improved from 3.9° at baseline to 9.7° immediately after cardia
6-month follow-up (peak LV twist 10.9°). (B) Biplane fluoroscopy: the left anterior
anterior (PA) view, the distance between the coronary sinus/mitral plane and the c
LVEF  left ventricular ejection fraction; other abbreviations as in Figure 1.f LV lead inside the target vein was explored. Patients with wmidventricular or apical position had the largest systolic
mprovement, and showed a significant increase in LV
wist, whereas patients with a basal LV lead position did not
how improved systolic function and decreased in LV twist,
onfirming that the pacing site may influence torsional
ehavior of the LV (27). Similarly, a recent study by Helm
t al. (28) reported that the optimal site of stimulation
although in a canine model of HF) was the LV free wall
entered over the midapical part. This finding may be
elated to the fact that normal cardiac depolarization is
irected from the apex toward the base (29), and an earlier
ctivation of the LV basal region, altering the normal
ontraction pattern of the myofibers, may lead to a signifi-
ant deterioration of LV twist. Another explanation for the
ndings may be related to the fact that the myocardial wall
s thinner toward the apex (30,31); therefore, the epicardial
V lead in this position is closer to the Purkinje network.
onsequently, pacing from this position may generate a
ardiac pulse that spreads faster to the entire myocardium
ith a more physiological activation (32–34).
onclusions
V twist is reduced in HF patients and improves in patients
sition
chronization therapy (CRT) implantation. Peak LV twist further improved at
(LAO) view shows the LV lead in a posterolateral cardiac vein; in the postero-
apex was divided (dotted lines) into 3 parts (basal, midventricular, and apical).al Po
c resyn
oblique
ardiacho respond to CRT. Particularly, the change in LV twist
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